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The COE transcription factor Collier is a mediator of short-range
Hedgehog-induced patterning of the Drosophila wing 
Michel Vervoort*, Michèle Crozatier, Denise Valle† and Alain Vincent
Background: The secreted Hedgehog (Hh) proteins have been implicated as
mediators of positional information in vertebrates and invertebrates. A gradient
of Hh activity contributes to antero-posterior (A/P) patterning of the fly wing. In
addition to inducing localised expression of Decapentaplegic (Dpp), which in
turn relays patterning cues at long range, Hh directly patterns the central region
of the wing. 
Results: We show that short-range, dose-dependent Hh activity is mediated by
activation of the transcription factor Collier (Col). In the absence of col activity,
longitudinal veins 3 and 4 (L3 and L4) are apposed and the central intervein is
missing. Hh expression induces col expression in a narrow stripe of cells along
the A/P boundary through a dual-input mechanism: inhibition of proteolysis of
Cubitus-interruptus (Ci) and activation of the Fused (Fu) kinase. Col, in
cooperation with Ci, controls the formation of the central intervein by activating
the expression of blistered (bs), which encodes the Drosophila serum response
factor (D-SRF), the activity of which is required for the adoption and
maintenance of the intervein cell fate. Furthermore, col is allelic to knot, a gene
involved in the formation of the central part of the wing. This finding completes
our understanding of the sectorial organisation of the Drosophila wing.
Conclusions: Col, the Drosophila member of the COE family (Col/Olf-1/EBF)
of non-basic, helix–loop–helix (HLH)-containing transcription factors, is a
mediator of the short-range organising activity of Hh in the Drosophila wing.
Our results support the idea that Hh controls target gene expression in a
concentration-dependent manner and highlight the importance of the Fu kinase
in this differential regulation. The high degree of evolutionary conservation of the
COE proteins and the diversity of developmental processes controlled by Hh
signalling raises the possibility that the specific genetic interactions depicted
here may also operate in vertebrates.
Background
The Hedgehog (Hh) protein family is implicated in sig-
nalling processes that mediate positional information in a
wide variety of developmental events, in both verte-
brates and invertebrates. It has been suggested that the
Hh protein may act as a morphogen, eliciting differential
responses at different concentrations. Thus, expression
of the vertebrate Sonic Hedgehog (Shh) protein in the
notochord induces, at high concentration, the develop-
ment of floorplate in the adjacent neural tube cells,
whereas at lower concentration, it specifies motor-neuron
fate and induces sclerotome development in non-adja-
cent cells [1–3]. In Drosophila, Hh acts in a concentra-
tion-dependent manner to pattern adult abdomen and
wing [4–7]. 
In the Drosophila wing, Hh is produced by posterior cells
and activates the expression of decapentaplegic (dpp) in the
adjacent anterior cells. The protein Dpp acts as a
long-range morphogen that controls patterning and
growth of the whole wing [8–11]. In addition to its role as
an inducer of dpp expression, Hh acts independently of
dpp to pattern the central region of the wing [4,5]. A lack
of Hh signalling leads to a complete loss of the intervein
separating longitudinal veins 3 and 4 (L3 and L4) and
the appearance of a central vein with L3 and L4 features
[5]. Experiments involving the overexpression of Hh or
the use of a thermosensitive hh allele indicate that the
level of Hh activity defines the width of the central
L3–L4 intervein and the positioning of L3 [4,5]. It has
also been proposed that the local activity of Hh involves
higher levels of Hh than are needed for activating the
expression of dpp, leading to the suggestion that Hh
forms an activity gradient, directing the expression of
different target genes at different concentrations [5].
This raises the question of how differential concentra-
tions of a secreted protein can elicit differential gene reg-
ulation, a question central to the morphogen concept.
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Transduction of the Hh signal to adjacent cells has been
studied extensively [12]. Reception of this signal involves
the transmembrane proteins Patched (Ptc) and
Smoothened (Smo); biochemical and genetic data suggest
that Ptc is the receptor of Hh [13–15]. Removing ptc func-
tion leads to the cell-autonomous activation of the Hh
transduction pathway [16,17] whereas loss of smo function
leads to the loss of Hh target gene expression [17–19].
These observations led to the proposal that Hh prevents
Ptc-mediated inhibition of Smo activity [12]. Hh-activated
Smo appears to act by preventing the processing of
Cubitus-interruptus (Ci) [12,20,21]. In the wing disc, the
gene ci, which encodes a 155 kDa protein (Ci-155), is
expressed throughout the anterior compartment. In cells
that do not receive Hh, Ci-155 is cleaved into a 75 kDa
form (Ci-75), which acts as a repressor of hh targets such as
dpp and ptc [21,22]. This processing of Ci involves protein
kinase A (PKA) activity [23–25]. In the anterior cells that
receive Hh, Ci-155 is not cleaved and is thought to act as a
transcriptional activator of dpp and ptc [22,26].
It has been proposed that the process by which Ci-155
becomes a nuclear activator requires activity of the Fused
(Fu) kinase [27–29], with Suppressor of fused [30] oppos-
ing this maturation step [31]. The mechanism by which
short-range activity of Hh patterns the central part of the
wing has remained elusive, however. One candidate
mediator of this activity is knot (kn), a gene identified 68
years ago and whose mutation affects the formation of the
central part of the wing, independently of dpp [32]. Here,
we report that kn is allelic to collier (col), an
embryonic/larval lethal gene that encodes a transcription
factor of the COE family with roles in patterning the head
and formation of a muscle (DA3) in the Drosophila embryo
([33,34]; M.C., D.V., L. Dubois, S. Ibnsouda and A.V.,
unpublished observations). We show here that Col is
expressed in the prospective L3–L4 intervein in response
to Hh signalling in a concentration-dependent manner: col
expression is only activated at high levels of Hh signalling
through a Ci- and Fu-dependent pathway. In turn, col
activity is required for the activation of blistered (bs), a gene
that encodes Drosophila serum response factor (D-SRF), in
the central part of the wing. D-SRF allocates an intervein
fate to the cells. The function of Col in the wing appears
to depend on synergistic interactions with Ci.
Results and discussion
Col is allelic to knot and relays short-range Hh activity
Flies homozygous mutant for col (col1, a null allele; col2 and
col3, strong hypomorphic mutations), in which embryonic
or larval lethality has been rescued by a col transgene (see
Materials and methods section) completely lacked the
L3–L4 intervein (Figure 1b). The overall size of the wing
and the number of innervated bristles at the anterior
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Figure 1
Col controls formation of the L3–L4 intervein
and is allelic to kn. The effects of col mutants
and interactions with hh are shown. (a) A
wild-type wing. The arrow points to the
anterior crossvein within the L3–L4 intervein.
The arrowhead points to the posterior
crossvein. (b) A col1/col1; P[col5-cDNA]/+
mutant wing. L3 and L4 are apposed into a
large central vein (arrow). The increased size
of the posterior crossvein (arrowhead)
correlates with the normal overall size of the
wing. (c) A col1/kn1 mutant wing. The
proximal regions of veins L3 and L4 are
apposed (arrow) and the anterior crossvein is
missing. (d) A col1/kn1; hhts2/+ mutant wing
raised at 25°C. At 25°C, hhts2 behaves as a
strong hypomorphic mutation [5]. Note the
enhancement of the col1/kn1 phenotype
(arrows). (e) UAS-hh/+; en-Gal4/+ wing. The
width of the L3–L4 intervein is increased. L3
is displaced anteriorly, truncated and partly
fused to L2 (arrow). L3-specific sensilla are
displaced together with the vein in most but
not all cases [4]. (f) UAS-hh/+; col1/+; en-
Gal4/+ wing. Reducing col dosage restores
the presence of an almost wild-type L3–L4
intervein and the anterior crossvein (arrow), as
well as a wild-type position of L3 and its
associated sensillae. An ectopic crossvein is
present in the L2–L3 intervein (arrowhead). 
(a) (b)
(c) (d)
(e) (f)
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margin were unchanged, however; L3 and L4 were
apposed, each vein maintaining its identity, as shown by
the presence of campaniform sensillae on L3. A higher
magnification view of a col mutant wing (see later) showed
that veins L3 and L4 were not only apposed but were also
abnormally large. A reduced L3–L4 intervein, although
much less severe, was reported for mutations in kn. On the
basis of this phenotype, it was proposed that kn is involved
in wing patterning in response to Hh signalling [33]. We
found that kn and col mutations are allelic to each other,
because col mutations did not complement kn mutations, as
attested by the wing phenotype observed in transheterozy-
gous conditions: the combination of col1 and the weak
hypomorphic kn1 mutation resulted in a partial fusion of L3
and L4 (Figure 1c); the combination of col1 and kn lethal
mutations resulted in embryonic lethality ([32]; M.C.,
D.V., L. Dubois, S. Ibnsouda and A.V., unpublished obser-
vations). The similarity between col (Figure 1b) and hh
[4,5] mutant phenotypes led us to investigate the genetic
interactions between these two genes. Reduction of the hh
dosage aggravated the partial fusion of L3 and L4 observed
in kn1/col1 wings (Figure 1d). Conversely, the anterior dis-
placement, partial loss of L3 and increased width of the
L3–L4 intervein that are observed upon overexpression of
hh in its own domain (UAS-hh/engrailed (en)-Gal4 driver [4],
Figure 1e) were suppressed by reducing col dosage
(Figure 1f). Together, these observations support the con-
clusion that col is involved in relaying short-range Hh sig-
nalling in the medial wing.
Col is expressed in the presumptive L3–L4 intervein region
where it controls D-SRF expression
In wild-type third instar wing discs, Col was expressed,
among other sites, in four to five rows of cells in the medial
wing (Figure 2a). To locate this expression domain more
precisely, we performed double-labelling with antibodies
against Ptc and LacZ in dpp-lacZ discs. In late third instar
discs, we found that Col was present in cells that contain
high levels of Ptc (Figure 2b), that is, in those cells that
abut the antero-posterior (A/P) boundary and that receive
the highest doses of the Hh signal. In contrast, Col-express-
ing cells were mainly posterior to those expressing high
levels of dpp (Figure 2c). Therefore, the posterior limit of
Col expression is the A/P boundary and its anterior limit is
the border between the domain of high Ptc and low Dpp
expression and the domain of low Ptc and high Dpp
expression. This domain of Col expression should corre-
spond to the presumptive L3–L4 intervein region [35]. All
regions prefiguring the interveins express high levels of the
intervein-determination gene bs (encoding D-SRF) [36–38]
whereas Delta (dl) is expressed in provein domains [35].
Double labelling for Col and Delta–LacZ, and Col and
D-SRF, confirmed that Col is specifically expressed in the
central intervein cells (Figure 2d). 
The co-expression of Col and D-SRF raised the question
of possible regulatory interactions between these two trans-
cription factors. We found that whereas Col is normally
634 Current Biology, Vol 9 No 12
Figure 2
Col expression in a stripe of cells along the A/P border is required for
D-SRF expression in the central wing. (a) Late third-instar wing disc
showing Col expression in the presumptive L3–L4 region (arrow), in
addition to other specific sites (arrowhead). (b) The stripe of Col
expression overlaps that of high Ptc accumulation along the A/P border,
whereas the stripe of high Dpp-lacZ (Dpp-Z) expression (c) is more
anterior; only the central part of the wing pouch is shown (white bracket
in (a)). (d) Delta–LacZ (Delta-Z) expression marks the vein domains [48]
whereas D-SRF is expressed in bands of cells corresponding to the
prospective interveins. The stripe of Col expression abuts that of Delta–Z
in the L3 and L4 proveins and overlaps that of D-SRF in the medial wing.
Arrowheads on the left panels indicate the position of vein L4. (e) Wild-
type and (f) col1/col1; P[col5-cDNA]/+ discs stained for D-SRF. (e)
Black arrowheads point to the L3–L4 medial intervein. (f) This band of
D-SRF expression is missing in col mutant wings (white arrowheads).
The white frame in (e) indicates the region of the disc enlarged in (d).
(a)
(d)
(b)
(c)
Col
Ptc Ptc
Col
Dpp-Z
Col
Dpp-Z
Col
Col
Delta-Z
D-SRF
Col Col
D-SRF
(e) (f)
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expressed in bs mutant discs (data not shown), the central
domain of D-SRF expression is missing in col mutant discs,
indicating that Col does indeed control D-SRF expression
in this region (Figure 2e,f). Taken together, our observa-
tions indicate that col is specifically activated in the cells
that receive high levels of the Hh signal and, as a result, are
fated to become L3–L4 intervein cells. The variable
expressivity of the phenotype observed in the hypomor-
phic col/kn1 combinations (data not shown) suggests that a
defined threshold level of Col activity is required for acti-
vating D-SRF expression. Col is not required, however, for
the secondary, hh-induced expression of Engrailed (En) in
anterior cells close to the A/P border [39]. En expression
specifies non-innervated unsocketed bristles and loss of En
activity in the anterior compartment leads to an increased
number of innervated socketed bristles at the expense of
unsocketed ones [29,40]. In col mutant flies, both the
number, ratio and position along the A/P axis of socketed
and unsocketed bristles was normal, indicating that the
domain of En activity (and hence its expression) is not
modified (Figure 3). Conversely, activation of col expres-
sion does not require En activity, because it starts during
the late second instar, well before the onset of anterior En
expression [39]. 
Col expression depends on high doses of Hh signalling
To assess the dependence of Col expression on Hh sig-
nalling, we used the hhts2 mutant, which behaves as a null
mutant at 30°C and as a strong hypomorphic mutant at
25°C [5,41]. The expression of col in the L3–L4 intervein
was completely lost in hhts2 discs raised to 30°C (null con-
dition); it was also lost, or severely reduced, at 25°C
(Figure 4b), in contrast to dpp, the expression of which is
lost at 30°C but is normal at 25°C [5]. This indicates that
col activation requires Hh activity, and that it requires
Hh levels superior to those required for activation of dpp.
Overexpression or misexpression of hh (UAS-hh/en-Gal4
or UAS-hh/apterous (ap)-Gal4) led to an expanded expres-
sion of col anteriorly (Figure 4c), or ectopic expression
dorsally (Figure 4d), respectively. In contrast, misexpres-
sion of dpp (in the entire dorsal compartment, UAS-
dpp/apterous (ap)-Gal4; or in the entire posterior
compartment, UAS-dpp/en-Gal4) did not affect col
expression (data not shown). Together, these results
indicate that the domain of Col expression is established
in response to Hh in a dose-sensitive manner that is
independent of dpp.
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Figure 3
High-magnification view of the distal tip of (a) wild-type and (b) col
(col1/col1; P[col5-cDNA]/+) mutant wings. Positions of veins L3 and
L4 are indicated by black and open arrowheads, respectively. Asterisks
indicate the posterior-most socketed bristle.
* *
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(a) (b)
Figure 4
Col expression is dependent upon high doses
of Hh signalling. Late third-instar wing discs
showing Col expression. (a) Wild-type,
(b) hhts2/hhts2 at 25°C, (c) UAS-hh/+;
en-Gal4/+, (d) UAS-hh/+; ap-Gal4/+,
(e) en-Gal4/+; UAS-ci-155/+, (f) dpp-
Gal4/UAS-ci-76, (g) ptcIIW109/ptcG20. Col
expression in the presumptive L3–L4 region
(arrow in (a)) is lost in (b) and (f) (black
asterisks) and enlarged in (c) (arrow). Other
sites of Col expression (arrowheads in (a,b,f))
are not affected. (d) Col expression is roughly
normal ventrally (arrow) but covers the whole
anterior dorsal part of the wing blade (asterisk).
(e) The entire posterior wing blade expresses
Col (asterisk). (g) Col is expressed in a pattern
similar to that seen in wild-type wing discs,
despite the overgrowth of the anterior wing
compartment due to ectopic dpp expression.
(a)
(b) (c) (d)
(e) (f) (g)
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Like other Hh targets in the wing, col expression is con-
trolled by Ci: high levels of ectopic Ci-155 in the posterior
compartment (achieved by using either UAS-ci/en-Gal4 or
the dominant ciW and ci1 mutations [42]) resulted in ectopic
col expression (Figure 4e). Conversely, UAS-driven
expression of Ci-76, a truncated Ci protein similar to the
physiological Ci-75 repressor form [21], in a domain over-
lapping that of col expression (ptc-Gal4 or dpp-Gal4 drivers)
prevented col expression (Figure 4f). Col expression was
not changed, however, in a ptc – strong hypomorphic condi-
tion (Figure 4g), where ectopic Ci-155 and ectopic activa-
tion of other hh targets such as ptc and dpp have been
observed [11,17,20]. Negative regulation of Ci activity by
Ptc, which promotes its proteolysis in the absence of Hh,
involves PKA [12,23–25]. Expressing a dominant-negative
form of PKA in the dorsal compartment (UAS-R*/ap-Gal4
[24]) results in ectopic Ci-155 and ectopic expression of
dpp, leading to an overgrowth of the wing disc but no
change in col expression (data not shown). These results
indicate that the presence of Ci-155 is not sufficient to
activate col expression in the anterior compartment, in con-
ditions where it activates dpp and ptc [11,17,20,24].
A key positive regulator of the Hh signal transduction
pathway is the kinase Fu [27–29]. The fu mutant pheno-
type in the wing is reminiscent of that of col except at the
wing margin (Figure 5a). We found this phenotype to be
exacerbated by reducing col dosage (Figure 5b) and vice
versa (data not shown). In fu1 mutant discs, col expression
at the A/P boundary was interrupted at the dorso-ventral
margin (Figure 5c), correlating with local fusion of veins
L3–L4 at the margin (Figure 5a). The expression of col
was not expanded anteriorly, however (Figure 5c),
although Ci-155 is overexpressed in a stripe, 10 cells wide,
whose posterior limit abuts the A/P border [29]. This
result indicates that some Fu-dependent modifications of
Ci-155 are required to activate col expression (see below).
Together, our results suggest that Hh signalling controls col
expression at the A/P wing boundary through a dual-input
mechanism: first, by preventing Ci proteolysis and allow-
ing the accumulation of Ci-155; second, by activating one
or more other factors which either cooperate with or
modify Ci-155 and potentiate its ability to activate col tran-
scription. This second process involves Fu kinase. It has
recently been proposed that Fu kinase activity is required
for Hh to stimulate the maturation of Ci-155 into a nuclear
transcriptional activator [31]. Only strong Hh signalling
activates Fu [29]. The wing disc could thus be subdivided
into several regions according to the relative concentra-
tions of the Hh signal [5] and therefore of nuclear Ci-155.
Together, the relative registers of Col, Ptc and Dpp
expression in the anterior wing compartment (Figure 2b,c)
and the fu/col phenotypic interactions (Figure 5a,b), indi-
cate that Col specifically only responds to strong nuclear
Ci-155 concentrations (Figure 6). This does not, however,
rule out the possibility that Hh-dependent mechanisms
other than Fused activation contribute to maturation of
the Ci transcriptional activator [22]. Indeed, we observed
that, in the posterior compartment, high levels of ectopic
Ci-155 expression led to ectopic expression of col
(Figure 4e), independently of fu. Finally, Fu kinase activ-
ity is essential for the induction of Hh target gene expres-
sion in embryos [27,31] whereas col mediates Hh
signalling specifically in the wing.
Col and Ci cooperate to determine the central intervein fate
Because col activity is required for the formation of the
L3–L4 intervein, we asked whether it is sufficient to
induce ectopic intervein formation at the expense of
veins. No detectable wing phenotype was observed upon
ectopic expression of col (using UAS-col and different
drivers, en-, dpp-, ap- and ptc-Gal4; data not shown).
Because UAS/Gal4-driven col expression can both rescue
the col wing phenotype (see Materials and methods) and
promote vein suppression in a ciD background (Figure 5d,e),
lack of a Col ectopic expression phenotype suggests that
Col must cooperate with another factor, probably Ci, to
promote intervein formation. In support of this interpreta-
tion, the partial loss of L3–L4 intervein caused by either
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Figure 5
Interactions between fu and col in the wing.
(a) fu1/Y wing. L3 and L4 are fused proximally
and distally (arrows). (b) fu1/Y; col1/+ wing. L3
and L4 are fused along most of their length.
(c) fu1/Y wing disc stained with Col antibodies.
Col expression is interrupted at the position of
the future distal tip of the wing (arrowhead),
correlating with the partial L3–L4 vein fusion
observed at the margin (a), but is not expanded
anteriorly. (d) CiD/+ wing. L4 is partially absent
(arrowhead). (e) UAS-col/en-Gal4; ciD/+ wing.
The truncation of L4 is exacerbated
(arrowhead) and L5 is partly missing (arrow).
(a) (b)
(d) (e)
(c)
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fu mutations (Figure 5a), overexpression of ptc (en-Gal4/ or
dpp-Gal4/UAS-ptc) or ectopic production of Ci-76 (dpp-
Gal4/UAS-ci-76) (data not shown), although increased by
reducing col dosage (Figure 5b), cannot be rescued by
UAS/Gal4-driven col expression (data not shown). Along
similar lines, we have recently shown that whereas col
activity is strictly required for formation of the single
embryonic somatic muscle in which it is expressed, DA3,
ectopic Col expression is not sufficient in itself to switch
the sibling muscle, DO5, to a DA3 fate [34]. Together,
these results suggest that Col does act in combination with
other transcription factors to promote specific cell fates. 
Conclusions
The control of col expression and its mutant phenotype
support the existence of a Hh activity gradient defining
discrete spatial domains in the wing [4,5,29] and leads us
to propose that short-range Hh patterning of the
Drosophila wing is mediated by the local activation of col
(and en) expression in anterior cells close to the Hh source
(Figure 6). In these cells, Col and Ci-155 cooperate to
promote formation of the L3–L4 intervein, through the
activation of intervein-determination genes such as bs,
which encodes D-SRF. Further away from the Hh source,
Col is not expressed and Ci-155 acts to promote vein L3
formation, probably by activating another cascade of gene
expression involving the iroquois (iro) complex and vein-
determination factors such as rhomboid (rho) [43,44].
We have recently shown that a frog col homolog, Xcoe2, is
first expressed in the neural plate, in bilateral stripes of
cells which will give rise to the primary neurons, and is
required for the specification of these neurons [45]. The
formation of these expression domains depends on Sonic
Hedgehog (Shh) and Gli factors (Ci-related) [46]. This
raises the interesting possibility that some of the specific
genetic interactions uncovered here between hh, ci, and col
may be evolutionarily conserved and operate in both
invertebrates and vertebrates.
Materials and methods
Fly stocks and crosses
Isolation and characterisation of the recessive col1, col2 and col3 muta-
tions will be described elsewhere (M.C., D.V., L. Dubois, S. Ibnsouda,
A.V., unpublished observations). In this study, we mainly used the col1
mutation, which behaves as a null mutation, because the homozygous
and hemizygous (col1/Df(2R) AN293) wing phenotypes are identical.
The P[col5-cDNA] transgene [34] rescues the lethality of col1 and
col1/Df(2R) AN293 embryonic/larval lethality, but not the adult wing
phenotype. This transgene allows almost complete rescue of the lethal-
ity, giving rise to third instar larvae with no detectable anti-Col labelling.
Rescue of the kn1/col1 wing phenotype was obtained by expressing
UAS-col under dpp-Gal4 control (two independent UAS-col lines were
tested). The progeny of w; col1/CyO; dpp-Gal4/TM6B and w; Sp/kn1;
UAS-col/TM6B flies were examined. Rescued flies have wings indistin-
guishable from wild type according to detailed morphological criteria
(see below). This may seem puzzling as we have shown that in third
instar larvae, the dpp and col expression domains only partly overlap
(Figure 2c). At earlier stages (late second instar), however, dpp expres-
sion abuts the A/P border [35] and therefore overlaps that of col. It
suggests that early Col expression is essential for its function in pat-
terning the wing disc. Ectopic expression of col in the wing disc, using
either an hs-col or five independent UAS-col lines, gave no morphologi-
cal phenotype. The Delta-lacZ strain corresponds to the Delta allele
1282 which has a P-lacZ transgene inserted close to the Delta tran-
scription start (a gift of L. Seugnet and M. Haenlin, Toulouse). All the
other Drosophila lines used have been previously described.
Examination of wing morphology
Morphological observations of wings, made on at least 10 flies for each
genotype, were based on the following criteria: we first assessed the
presence of the different veins and their specific features, for example
the L3-specific sensillae. We also assessed the position of veins L3 and
L4 with respect to the A/P axis by measuring the distance between L3
and L4 and between these veins, and the anterior and posterior margins,
respectively. Distances were determined independently by measuring
the physical distance and counting the number of trichomes. Counting
the number of socketed and unsocketed bristles on the wing margin
gave us a second independent assessment of the L3 and L4 positions. 
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Figure 6
Hh concentration-dependent signalling and determination of vein L3
and intervein L3–L4. In the posterior compartment (dark grey), ci is not
expressed because of repression by en [49]. In the anterior
compartment (light grey), Hh signalling is thought to locally prevent
proteolysis of Ci-155 into Ci-75 [21]. Among the cells that accumulate
Ci-155, only those closest to the Hh source (A/P border, thick black
line) trigger a fused-dependent process allowing Ci-155 to activate col
(orange area), and en expression [29]. Repression of dpp expression
by En in cells adjacent to the A/P boundary has been suggested
previously [5]. The simultaneous presence of Col and ‘Fused-activated’
Ci-155 allows the transcription of bs/D-SRF, leading the cells to adopt
an intervein differentiation program. Independently of fu, Ci-155
activates dpp, ptc and iro. Iro, in turn, leads cells to express rho and
adopt a vein differentiation pathway (yellow area) [43,44]. In cells that
receive no Hh, Ci-75 is produced and inhibits the expression of all hh
target genes [21,22].
A P
Hh sourceHhNo Hh
Fu
Ci-75
No Ci
ptc
col, en
rho
vein
L3
Ci-155
ptc,
iro, dpp
D-SRF
intervein
L3–L4
dpp
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Immunocytochemistry 
Antibody labelling was performed as described [47], using two differ-
ent anti-Col antibodies, either from rabbit or rat [34], a rat anti-D-SRF
[37], a mouse anti-Ptc [11] and commercial anti-β-galactosidase (from
Promega and Cappel) and secondary antibodies at the published or
recommended concentrations. Double labelling with anti-Col and anti-
Ptc, anti-D-SRF or anti-β galactosidase antibodies was analysed by
confocal microscopy (Zeiss LSM10).
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